Introduction
The 1990 amendments to the Clean Air Act (CAA) mandated the use of oxygenates in motor gasoline. In 1994, the U.S. Environmental Protection Agency (EPA) issued a final rule under the Act which added new health effects information and testing requirements to the Agency's existing registration requirements. As described in more detail in a companion paper (Henley et al., 2014) , requirements include inhalation exposures to evaporative emissions of the gasoline or additive in question. The health endpoints include assessments for standard subchronic toxicity, neurotoxicity, genotoxicity, immunotoxicity, developmental and reproductive toxicity, and chronic toxicity/carcinogenicity. The results of chronic toxicity testing of gasoline and gasoline combined with MTBE have already been reported (Benson et al., 2011) and reported elsewhere in this issue are the findings for are the findings for subchronic toxicity testing , genotoxicity , neurotoxicity , immunotoxicity , reproductive toxicity , and developmental toxicity testing in mice . This paper describes the results of developmental toxicity testing in rats. 
Materials and methods

Six
Housing and environmental conditions
Animals were housed individually in suspended stainless steel wire mesh cages. During exposure periods, animals were individually housed in stainless steel, wire mesh cages within a 1000 l stainless steel and glass whole-body exposure chamber. A twelve hour light/dark cycle controlled via an automatic timer was provided. For all studies temperature and relative humidity were maintained within the specified range (18-24°C, and 30-70% relative humidity, respectively). Light (maintained approximately 30-40 foot-candles at 1.0 m above the floor) and noise levels (maintained below 85 dB) in the exposure room were measured pretest and at the beginning, middle and end of the study. Oxygen levels in the exposure chambers were maintained between 19.0 and 20.7%.
Experimental design
The experimental design is described in Table 1 . Untreated animals were mated (1 nulliparous female with 1 male) until sufficient presumed pregnant females were identified by the presence of a copulatory plug in the vagina. Plug positive female rats were distributed by body weight into four different exposure groups (25/group) on gestation day [GD] 0; for the G/DIPE study, timedpregnant animals were distributed by body weight on GD 4. Presumed pregnant females were exposed to 0 mg/m 3 (air control to GD 20. The highest exposure level represented approximately 50% of the lower explosive limit (LEL) for each material.
Administration of test substance and exposure schedule
The experimental and control animals were placed into wholebody inhalation chambers operated under dynamic conditions for at least 6 h per day after target exposure levels were reached from GD 5 through GD 20. The animals remained in the chambers for at least an additional 23 min (theoretical equilibration time) while the test atmosphere cleared.
Females were exposed in 1.0 M 3 stainless steel and glass chambers operated at a flow rate approximately 12-15 air changes/hour. Flow rate and slightly negative pressure were monitored continuously and recorded approximately every 30 min. The control group was exposed to clean filtered air under conditions identical to those used for groups exposed to the test substance. The test substance was administered fully vaporized in the breathing air of the animals. The chamber concentrations were measured in the breathing zone of the rats by on-line gas chromatography (GC). These chromatographic analyses were used to assess the stability of the test substance over the duration of the study. Analytical concentrations of G/DIPE in the HLS study were determined by infrared spectrometry. Additionally, sorbent tube samples were collected once weekly and stored in a freezer for analysis by a detailed capillary GC method to compare component proportions of the test material atmosphere with the liquid test material.
Distribution samples were drawn from twelve different points within the exposure chambers at each exposure level during the validation of the exposure system to determine homogeneity of exposure concentrations. A particle size determination of the aerosol portion of the test atmosphere was conducted at least once during the chamber trials from the 0 mg/m 3 and 20,000 mg/m 3 concentrations.
Experimental evaluation
Animals were examined for viability at least twice daily during the study. Body weights were taken prior to selection, and on GD 0 (EMBSI studies), 5, 8, 11, 14, 17, 20 and 21 . Food consumption was measured for mated females on GD 5, 8, 11, 14, 17, 20 and 21 . A clinical examination was given to each female prior to selection, and daily during gestation. Additionally, group observations of the animals for mortality and obvious toxic signs while in the chambers were recorded at 15, 30, 45 and 60 min after initiation of the exposure and regularly during each exposure.
Dams were sacrificed by CO 2 asphyxiation followed by exsanguination on GD 21. A gross necropsy was performed on all confirmed-mated females. Uterine weights with ovaries attached were recorded at the time of necropsy, uterine contents were examined, corpora lutea and the numbers and locations of implantation sites, early and late resorptions, and live and dead (alive or dead in utero) fetuses were counted. The uteri of all apparently non-pregnant females were stained with 10% ammonium sulfide to confirm non-gravid status. Evaluations of dams during necropsy and subsequent fetal evaluations were conducted without knowledge of treatment group in order to minimize bias.
Fetuses were counted, weighed and examined externally for gross malformations and variations. Fetal sex was determined by external examination and confirmed internally only on those fetuses receiving visceral examinations. Fetuses were euthanized by CO 2 asphyxiation in the EMBSI studies and by intraperitoneal sodium pentobarbitol in the HLS study.
The viscera of approximately one-half of the fetuses of each litter were examined by fresh dissection (Staples, 1974; Stuckhardt and Poppe, 1984) prior to decapitation of the fetus. The heads were preserved in Bouin's solution for at least two weeks, then rinsed and subsequently stored in 70% ethanol. Free-hand razor blade sections of the Bouin's-fixed fetal heads were examined for the presence of abnormalities. The remaining live fetuses (alive in utero) were euthanized and eviscerated, processed by double staining with Alizarin red and Alcian blue, and examined for the presence of bone and cartilage malformations and ossification variations. The fetal skeletons were preserved in glycerine with thymol after they were processed and stained.
Statistical analysis
All statistical analyses were performed with comparison to concurrent control data. Statistical methods in the EMBSI studies included evaluation of equality of means done by an appropriate one way analysis of variance and a test for ordered response in the dose groups. Bartlett's test was performed to determine if the dose groups had equal variance followed by standard one way analysis of variance (Snedecor and Cochran, 1989) . If the variances were equal, subsequent testing was done using parametric methods, otherwise nonparametric techniques were used. Continuous data were tested for statistical significance as follows: Where applicable, percentages were calculated and transformed by Cochran's transformation, followed by the arc sine transformation (Snedecor and Cochran, 1989) . Both the raw percentages and the transformed percentages were tested for statistical significance.
For the parametric procedures, a standard one way ANOVA using the F distribution to assess significance was used (Snedecor and Cochran, 1989) . If significant differences among the means were indicated, Dunnett's test was used to determine which treatment groups differed significantly from control (Dunnett, 1964) . A standard regression analysis for linear response in the dose groups was performed, which also tested for linear lack of fit in the model.
For the nonparametric procedures, the test of equality of means was performed using the Kruskal-Wallis test (Hollander and Wolfe, 1973) . If significant differences among the means were indicated, Dunn's Summed Rank test was used to determine which treatment groups differed significantly from the control (Hollander and Wolfe, 1973) . In addition to the Kruskal-Wallis test, Jonckheere's Test for monotonic trend in the dose response was performed (Hollander and Wolfe, 1973 ). Bartlett's test for equal variance was conducted at the 1% level of significance. All other tests were conducted at the 5% and 1% level of significance. Body weight and food consumption data were not analyzed for non-pregnant females.
Means and standard deviations were calculated for animal, exposure and chamber environmental data. The coefficient of variation also was calculated when considered relevant for the exposure data. Fetal body weight was analyzed by a mixed model analysis of variance that used the number of litters as the basis for analysis and effectively used the litter size as a covariate. The model considered dose group, litter size, and fetal sex as explanatory variables. If the overall effect of dose, or the dose by sex effect, was statistically significant the dose groups means were tested pairwise vs. the control group using least squares means. The least squares means allowed comparisons that accounted for differences in litter size and sex. The mathematical model was based on a paper by Chen et al. (1996) . The analysis was run using SAS with code suggested in Little et al. (1997) .
The analysis of anomalies (malformations or variations) was based on a Generalized Estimating Equation (GEE) application of the linearized model (Ryan, 1992) . The model used the litter as the basis for analysis and considered correlation among littermates by incorporating an estimated constant correlation and the litter size as a covariate. If the overall effect of dose, or the dose by sex effect, was statistically significant the dose groups were tested pairwise vs. the control group using least squares means. In addition to the developmental category-specific anomalies tested, a series of combined analyses were performed within each category as applicable: These categories were Combined Malformations and Variations for All Fetuses; for Alive Fetuses; for Dead Fetuses; Malformations for All Fetuses; for Alive Fetuses; for Dead Fetuses; Variations for All Fetuses; for Alive Fetuses; for Dead Fetuses Statistical analyses in the Huntingdon study were comparable to the methods employed at EMBSI and were performed at Huntingdon Life Sciences Ltd., Alconbury, Huntingdon, Cambridgeshire, England.
Compliance
These studies were conducted in accordance with the United States Environmental Protection Agency's (EPA) Good Laboratory Practice Standards (US EPA, 1994) , and complied with all appropriate parts of the Animal Welfare Act Regulations (USDA, 1989 (USDA, , 1991 . The studies also met the requirements of US EPA OPPTS 870.3700 guidelines for prenatal developmental toxicity studies (US EPA, 1998).
Results
Chamber monitoring
The analytically measured exposure levels of the airborne test materials were at least 99% of the targeted exposure levels ( Table 2) . Chamber environmental conditions averaged 23-24°C and 43% relative humidity. Particle sizing results indicated that the atmospheres were essentially vapor only (data not presented). Table 3 provides a profile of the major components in the starting test materials. Analysis of the major components in the test materials and the chamber atmospheres showed an acceptably close comparison between the starting condensates and the chamber vaporized test material sampled weekly throughout the studies (data not presented). The data was consistent from week-to-week during the study indicating stability of the test material and the atmosphere generation techniques. Age at mating in EMBSI studies varied by 1 week with youngest animals at 12-13 weeks and oldest at 14-15 weeks depending on the study.
Tables 4-8 summarize the comparative results of all the studies. To facilitate comparisons of extensive data across test materials the data in Tables 4-6 are presented for the 20,000 mg/m 3 groups only. Tables 7 and 8 , which address specific endpoints (stunted fetuses and total skeletal variations), present results of all dose levels. Text describes specific effects within studies for individual dose groups.
Maternal clinical in life observations, survival and pregnancies
All females survived to study termination. No significant clinical signs were observed during any of the studies. Low incidences of alopecia were seen in the abdominal areas and limbs among treated and control animals in each study. Red nasal discharge and chromodacryorrhea were observed at higher doses in various animals in all studies and were considered a common reaction to inhalation exposure and mild stress in rats.
The number of pregnant animals was similar in all studies. Nonpregnant females were identified at terminal sacrifice by the absence of implantation sites in the uterus. With the exception of the G/ETBE 2000 mg/m 3 group which contained 3 non-pregnant rats, only one or two females were non-pregnant in any group of the other test materials. The incidence of three non-pregnant animals in the lowest dose group of G/ETBE was not considered test material significant as the 10,000 and 20,000 mg/m 3 groups contained only one non-pregnant animal each. Although all females in the G/TAME 20,000 mg/m 3 group were pregnant, one female delivered early on GD 20 and data from this litter were not included in the calculations.
Gestation body weight and food consumption
No significant body weight changes (Table 4) or food consumption effects (Table 5) were observed in females exposed to BGVC. For G/oxygenate blends maternal toxicity was reflected in decreased body weight (G/TBA), decreased body weight gain (usually during the first days of exposure), and/or decreased food consumption at 20,000 mg/m 3 in all studies and also at 10,000 mg/m 3 for G/DIPE and G/TBA. Animals in the 20,000 mg/m 3 G/MTBE and G/ETBE studies showed statistically significant decreases in body weight gain and food consumption for the GD 8-11 interval. Although G/ETBE also had decreased food consumption in the GD 11-14 interval which contributed to a decrease in food consumption in the GD 5-20 interval, neither corrected body weight nor total body weight gain were significantly different from control. For animals exposed to G/EtOH slight maternal toxicity was indicated by statistical significant decreases in body weight changes at the GD 20-21 and GD 5-21 intervals at 20,000 mg/m 3 and decreasing linear trends in food consumption over all doses at GD 5-20 interval. Only part of the difference in weight gain late in gestation could be attributed to differences in uterine weight. a Values for these 18 reference hydrocarbons were derived pre-study (Henley et al., 2014) . A total of 131 peaks were separated and identified for the BGVC study. The reference hydrocarbons comprised over 81% of the total mass but are normalized to 100% to ease comparison between laboratories.
For G/TAME animals, significant decreases in body weight change occurred at 20,000 mg/m 3 at the GD 5-8 and GD 11-14 intervals and food consumption intervals of GD 5-8, GD 8-11, GD 11-14 and GD 5-20. At 10,000 mg/m 3 , a statistically significant decrease in food consumption at GD 5-8 was not considered evidence of maternal toxicity since no other time interval was affected and no effects were seen on maternal weight or weight gain.
In the G/TBA study, maternal toxicity during the first half (GD 5-14) of the exposure period was seen in decreased food consumption in the 10,000 and 20,000 mg/m 3 groups and reduced weight gain and maternal body weights throughout gestation at the 10,000 and 20,000 mg/m 3 exposure levels. The gravid uterine weight at 20,000 mg/m 3 was statistically significantly lower than the concurrent control. However the lower gravid uterine weight may have been due to the non-significant reduction in average litter size performance for G/TBA animals. In the G/DIPE study, transient reduction in maternal weight gain during the early days of the exposure period at 20,000 mg/m 3 was partially resolved by GD 21. Reduction in food consumption, although statistically significant intermittently, did not exceed 10% during the exposure period. A decrease in uterine weight to 96% of concurrent control value was not statistically significant but likely contributed to the decrease in the overall GD 5-21 body weight interval at 20,000 mg/m 3 .
Reproductive and fetal effects
No treatment related statistically significant differences between test material treated groups and concurrent controls were seen for uterine data (Table 6 ). Implantation sites, resorptions, mean litter size, fetal number of viable fetuses and fetuses per litter were comparable to concurrent controls in each study. Corpora lutea, established before exposure began, were comparable to concurrent controls with the exception of G/TBA. For this material a statistically significant non-dose responsive decrease in number of corpora lutea in the 2000 and 20,000 mg/m 3 groups occurred with a subsequent reduction in implantations/litter which was not statistically significant when analyzed with corpora lutea as a covariate. Only one early delivery occurred, this in the 20,000 mg/m 3 G/ TAME group for a female who delivered early on GD 20 and data from this litter were not included in the calculations and the early delivery was not associated with exposure. Fetal deaths, which occurred at 20,000 mg/m 3 only in G/ETBE and G/EtOH studies and at low incidence similar to controls, were not associated with exposure.
Fetal body weights
Mean combined fetal weights of all BGVC -exposed groups were decreased relative to concurrent controls. However, this difference was considered to be a spurious finding because fetal weights in all of the BGVC exposure groups were within the laboratory control group range of 5.3-5.48 g for the other studies in the test program (Fig. 1) , no dose-response occurred, and the mean litter size in this control group (15.0) was smaller than the litter sizes for the exposed groups [15.5, 15.6, 16 .2 in 2000, 10,000 and 20,000 mg/m 3 groups, respectively]. Smaller litter sizes tend to produce heavier offspring. Exposure to G/TAME and G/TBA resulted in 4% and 3% decreases in fetal body weight respectively at 20,000 mg/m 3 . In the G/TBA study fetal body weight did not differ between groups when analyzed with litter size or litter size and fetal sex as covariates but showed statistically significant reduction at 20,000 mg/m 3 when mean corpora lutea count was added as a covariate. Thus, it is not clear whether exposure to G/TBA at 20,000 mg/m 3 is directly linked to decreased fetal body weight.
Fetal body weight in G/DIPE 20,000 mg/m 3 litters was statistically significantly lower for females (5%) and combined sexes (3.3%) compared to concurrent controls (Table 6 ). In addition to a small reduction in fetal body weight at the highest exposure level, G/TAME 20,000 mg/m 3 and 10,000 mg/m 3 demonstrated a similar higher incidence of stunted fetuses (<4 g) on an affected litter basis compared to concurrent controls (Table 7) . Control range for stunted fetuses on all studies was 4-16%.
Fetal external observations
No significant increases in fetal external variations were seen in any study. Random occurrences of malrotated paw, cleft palate, kinked tail, exencephaly and exophthalmos were reported at various dose levels. In the G/ETBE study a set of conjoined twins was seen in a litter of a dam exposed at 20,000 mg/m 3 . None of these findings were related to exposure.
Fetal visceral observations
Few visceral variations or malformations occurred in any study. Reported incidental findings included retinal folds, hydroureter, hydronephrosis, hydrocephaly, and umbilical artery on left side of bladder (G/TAME, BGVC). None were attributed to the test article exposures.
Fetal skeletal observations
Exposure did not induce skeletal malformations. No skeletal malformations were reported in any study with the exception of 1 fetus/1 litter at 20,000 mg/m 3 G/DIPE with a vertebral anomaly in which the right exoccipital and cervical arch #1 were fused, and the thoracic centra #13 and lumbar centrum #1 were absent. Skeletal variations (Table 7) included commonly observed findings such as reduced ossification, unossified, asymmetric, bifid or hypoplastic sternebrae, rudimentary lumbar ribs, vertebrae with bifid thoracic centra and dumbbell-shaped thoracic centra, rudimentary 14th vertebrae and cartilaginous variations. Only G/TBA 20,000 mg/m 3 litters showed a statistically significant increase in skeletal variations on a per fetus basis primarily due to increased 
Discussion
The test program was conducted to evaluate the potential for developmental toxicity from exposure to vapors of gasoline or (24) 24 (24) 25 (25) 24 (25) 22 (23) 24 (25) Preimplantation loss = (corpora lutea minus implants)/corpora lutea. Postimplantation loss = (implants minus live fetuses)/implants. a Concurrent study control value for each endpoint in parenthesis. b Study performed at Huntingdon Life Sciences; 24 presumed pregnant animals at study initiation. c G/TAME early delivery GD20, not included in calculations. d statistically significantly lower compared to concurrent controls at p < 0.01]. e statistically significantly lower compared to concurrent controls at p < 0.05. f Combined fetal body weight is least squares mean fetal weight adjusted for litter size in individual studies. g BGVC all dose levels showed similar changes from controls and effect was not considered biologically significant.
Table 7
Incidence of stunted fetuses [weight < 4 g] in litters of rats exposed from GD 5 to 20 to vapor condensates of gasoline or gasoline/oxygenate blends. (Clayton, 1993; NATLSCO, 1995) . The highest exposure concentrations in this collection of studies were approximately 2800-fold higher than measured ''extreme'' exposure levels during refueling. The exposure duration in these tests, six hours per day, is similar to occupational exposure and about 72-fold longer than typical refueling exposures that last approximately five minutes. Table 9 summarizes the NOAEL values for all studies. Maternal NOAELs were based primarily on reduced body weight, body weight changes and food consumption, most of which occurred in the GD 5-8, GD 8-11, and/or GD 11-14 intervals which sometimes carried through the entire exposure period and were reflected in the GD 5-21 body weight interval and/or the GD 5-20 food consumption interval. These effects were relatively mild, resulting in significant differences in maternal body weight only for G/TBA, for which the decrements were less than 10% from control values. Although decreased body weight gain was seen in pregnant rats exposed to G/MTBE at 20,000 mg/m 3 , no decreased body weight or body weight gains were seen in the companion mouse study .
Developmental NOAELs were 20,000 mg/m 3 for BGVC, G/MTBE, G/ETBE, and G/EtOH. Although mean combined fetal weight in all BGVC-exposed groups was decreased relative to the concurrent control, these changes did not occur in a dose-responsive manner, all groups had values similar to the range of control groups within the testing program, and no such effect was observed upon birth weight in the reproduction study with BGVC . The difference was attributed to the smaller litter size of the control group [mean 15.0 vs. 16.2 in the 20,000 mg/m 3 group]. In smaller litters, individual fetal weights tend to be heavier (Chen, 1993) . In mice, average fetal body weight/litter was reduced at BGVC 10,000 and 20,000 mg/m 3 levels . In both rats and mice exposed to BGVC in our test program, reduced ossification, which often accompanies true reductions in prenatal growth, did not occur. Collectively, the weight of evidence from data of reproduction and developmental studies conducted with unleaded gasoline vapor do not support specific or selective harm to prenatal development. NOAELs of 10,000 mg/m 3 for G/TAME, G/DIPE and G/TBA were based on reduced fetal body weights and increased number of stunted pups (G/TAME) and increased skeletal variations (G/TBA). Developmental effects resulting from gasoline abuse in humans have been reported. Mental retardation, hypertonia, scaphocephaly (premature fusion of the sagittal suture), poor postnatal head growth and other developmental anomalies were identified in a Canadian Amerindian community where sniffing of leaded gasoline and alcohol abuse were widespread (Hunter et al., 1979) . However, the specific role of gasoline and its hydrocarbon components could not be separated from the impact of lead and alcohol. Developmental studies in rats of whole unleaded gasoline (API, 1978) and unleaded gasoline vapor containing 10% of the starting fuel (Roberts et al., 2001 ) have demonstrated the absence of developmental toxicity at doses up to 23,881 mg/m 3 consistent with the NOAEL of 20,000 mg/m 3 BGVC reported here.
Some of the aromatic hydrocarbons contained in gasoline produce developmental effects when tested alone. Toluene and benzene have been identified as developmental toxicants by regulatory agencies such as the European Chemicals Bureau and California Environmental Protection Agency. However the percentages of aromatic compounds in general and of toluene in particular in the vapor of gasoline and gasoline blended with oxygenates are well below those in whole gasoline. Benzene levels represented 1.5-2.0% of the total vapor, while toluene levels were 2.4-3.4% of the total vapor and 7.6% of the liquid. Xylene levels were not measured in this study but eight-carbon aromatics represented less than 1% of any of the test substances. Although the test program's highest exposure levels represented 50% of the Lower Explosive Limits, the resulting attainable atmospheric concentrations of aromatic constituents were below those reported in the literature to produce developmental effects.
Case reports indicate that toluene abuse during pregnancy causes congenital malformations. Actual exposure levels for toluene abuse have been estimated at 5000 ppm [18,842 mg/m 3 ] for a glue-soaked cloth in a paper bag (Cavender, 1993) . ACGIH (1991) estimated that women who deliberately concentrate and inhale toluene may experience exposure of 10,000 ppm [>36,000 mg/m 3 ] (Bukowski, 2001) . Spontaneous abortion is the most common reproductive effect associated with occupational exposure to toluene and other chemical solvents, but most regulatory agencies have considered the evidence to be inconclusive (ATSDR, 2000; European Commission, 2001) . In animal studies, toluene does not induce malformations but has caused lower birth and postnatal weights and postnatal developmental delays, primarily skeletal. Behavioral effects in offspring have been observed when toluene is administered at high doses (1200-1500 ppm) during periods of fetal brain development. Generally According to the European Risk Assessment of Benzene (ECB, 2003) epidemiology studies implicating benzene as a developmental toxicant have many limitations and there are insufficient data to assess the effects of benzene on the human fetus. Studies are limited largely because of concomitant exposure to other chemicals, inadequate sample size and lack of quantification of exposure levels. In animal studies by the inhalation route, no specific teratogenic effects have been demonstrated with exposure to benzene during organogenesis but fetotoxicity expressed as decreased fetal body weight, delayed skeletal development and increased resorptions associated with maternal stress have been reported (Kuna and Kapp, 1981; Coate et al., 1984; Kuna et al., 1992; US EPA, 2006a) . The issue of additivity of solvents was explored by Medinsky et al., 1994 using physiologically-based pharmacokinetic modeling. It was demonstrated that gasoline components can inhibit benzene metabolism and thus expression of benzene toxicity. The extent of inhibition depends on gasoline vapor concentration and inhaled concentrations.
There are limited data addressing the effects of inhalation exposure xylene on pregnancy outcomes (US EPA, 2005) . In animal studies by the inhalation route, developmental effects on fetal weights and skeletal variations have occurred primarily at dose levels high enough to cause maternal stress in the range of 1000-2000 ppm (Saillenfait et al., 2003) . No regulatory agencies identify xylene as a developmental toxicant.
The oxygenates used in this test program, except for TBA, have been evaluated individually for developmental toxicity potential. The most studied of these is ethanol. Most of the reproductive and developmental toxicity reports for ethanol deal with oral abuse during pregnancy and the resulting fetal alcohol syndrome (EU SIDS, 2005) . No fertility or developmental effects were seen at inhalation exposures up to 16,000 ppm (30,400 mg/m 3 ). The lowest reported NOAEL for fertility by the oral route was 2000 mg/kg body weight in rats, equivalent to a blood alcohol concentration of 1320 mg/l, although this was based on a significant increase in the number of small pups rather than a direct effect on fertility; such direct effects are not seen until much higher doses. Physiologically-based pharmacokinetic modeling for ethanol indicates that very high exposure levels are required to produce blood ethanol concentrations associated with developmental harm in rodents (Martin et al., 2012) The collective weight of evidence is that the NOAEL for developmental effects in animals is high, typically P6400 mg/kg body weight, compared to maternally toxic effects at 3600 mg/kg body weight. The potential for reproductive and developmental toxicity exists in humans from deliberate over-consumption of ethanol. Blood ethanol concentrations resulting from ethanol exposure by any other route are unlikely to produce reproductive or developmental effects.
Developmental studies conducted with the ether oxygenates indicate a potential to produce adverse effects to prenatal development at maternally toxic exposure levels. For MTBE, a developmental test on mice and rabbits indicated that exposure at 14,400 mg/m 3 on gestation days 6-15 resulted in reduced pup viability and an increased incidence of cleft palate in mice at 28,800 mg/m 3 but no developmental effects were seen in rabbits in this study (Bevan et al., 1997) .
Testing of TAME alone in a developmental toxicity study in rats resulted in a no-observable-adverse-effect level (NOAEL) of 250 ppm for maternal toxicity and 1500 ppm for developmental toxicity in rats based on near-term fetal body weights. In mice, TAME exposure resulted in reduced fetal body weight, cleft palate, prenatal mortality, and increased variations along with reduced maternal weights; the NOAEL values for maternal and developmental toxicity were 250 ppm (Welsch et al., 2003) .
Studies with ETBE were primarily performed by the oral route. ETBE does not appear to be selectively toxic to reproduction or embryofetal development in the absence of other manifestations of general toxicity. No embryofetal effects were observed in rabbits. Early postnatal rat pup deaths show no clear dose-response and have largely been attributed to total litter losses with accompanying evidence of maternal neglect or frank maternal morbidity (dePeyser, 2010) .
Exposure of pregnant Sprague-Dawley rats to DIPE by inhalation at concentrations of 430, 3095, or 6745 ppm for 6 h/day on GD 6-15 resulted in a slight reduction in body weight gain and a significant decrease in food consumption for dams in the 6745 ppm group. A concentration-related increase in the incidence of rudimentary 14th ribs was observed, but its significance was uncertain. DIPE induced only a low order of toxicity in developmental effects (Dalbey and Feuston, 1996) .
No specific studies of TBA by the inhalation route were found. Exposure to oxygenates alone seemed to produce minimal developmental effects in laboratory animals at exposure concentrations higher than or equal to levels producing maternal toxicity. Mice appeared to be more sensitive than rats or rabbits. Exposure to vapor condensate of gasoline blended with these oxygenates demonstrated either no developmental toxicity or effects only at the highest dose tested in rats.
Conclusions
Exposure of pregnant rats to vapors of gasoline alone, or gasoline blended with various ethers or alcohols affected maternal body weight gain and food consumption during gestation. Developmental effects occurred for G/DIPE, G/TAME, and G/TBA at exposure levels greater than or equal to those that affected the dams. Thus the components in evaporative emissions from vapors of gasoline or gasoline-oxygenate blends do not produce selective developmental toxicity in rats. Indeed the minimal effects to the general health of the adult animals and fewer effects to prenatal development suggest that evaporative emissions of gasoline and gasoline/ oxygenate blends are not selective developmental toxicants and pose minimal risk to human prenatal development.
Conflicts of interest
Dr. Roberts reports she is employed by the petroleum industry. Dr. Gray reports that he was the API sponsor representative for the conduct of this study by the laboratory. He is now retired from API and received no compensation for his efforts in preparing this article.
Mr. Trimmer has nothing to disclose. Dr. Parker has nothing to disclose. Dr. Murray reports personal fees from American Petroleum Institute, during the conduct of the study; personal fees from American Petroleum Institute, outside the submitted work.
Dr. Schreiner reports that while employed at Mobil Oil Corp. she was involved in the API technical workgroup that oversaw the design and conduct of the studies. The American Petroleum Institute employed her after retirement as a consultant to assist in preparing manuscripts from the original laboratory study reports. There was no influence exerted on evaluation of the scientific data and manuscript content.
Dr. Clark reports that while employed at Phillips 66 Company, he was involved in the API technical work group that designed and oversaw the conduct of the studies. The American Petroleum Institute employed him after retirement as a consultant to assist in preparing manuscripts from the original laboratory study reports.
